Background. Weight loss is common among patients with squamous cell carcinoma of the head and neck (SCCHN) and is mainly due to tumor and treatment related factors. The aim of the present study was to evaluate weight loss in patients with SCCHN undergoing two different radiotherapy (RT) schedules. Material and methods. Nutritional data were analyzed from the ARTSCAN study, a controlled randomized prospective Swedish multicenter study conducted with the aim of comparing conventional fractionation (2.0 Gy per day, total 68 Gy during 7 weeks) and accelerated fractionation (1.1 ϩ 2.0 Gy per day, total 68 Gy during 4.5 weeks). Seven hundred and fi fty patients were randomized and 712 patients were followed from the start of RT in the present nutritional study. Results. The patients had a weight loss of 11.3% ( Ϯ 8.6%) during the acute phase (start of RT up to fi ve months after the termination of RT). No difference in weight loss was seen between the two RT fractionation schedules (p ϭ 0.839). Three factors were signifi cantly predictive for weight loss during the acute phase, i.e. tumor site, overweight/obesity or lack of tube feeding at the start of RT. Moreover, the nadir point of weight loss occurred at fi ve months after the termination of RT. Conclusion. The results of the present study showed no difference in weight loss between the two RT fractionation schedules and also highlight that weight loss in SCCHN is a multifactorial problem. Moreover, the nadir of weight loss occurred at fi ve months after the termination of treatment which calls for more intense nutritional interventions during the period after treatment.
It is well recognized that patients with squamous cell carcinoma of the head and neck (SCCHN) represent a group that during and after treatment suffers from nutritional impairments [1] . Though no commonly used defi nition of malnutrition exists internationally, the reported prevalence of malnutrition in SCCHN can vary between 20 -67% [2] . Weight loss is the most important parameter used to describe nutritional status in clinical practice [2, 3] , particularly in combination with BMI and information about eating problems [4] .
Involuntary weight loss as a result of disease is mainly due to the loss of fat free mass [5] and the weight loss seen during the treatment for SCCHN may have a number of different explanations [1, 6, 7] . The tumor itself may obstruct the passage of bolus thus causing swallowing problems [1, 8] . Metabolic alterations can affect appetite and strength of the patient [1] . Both acute and late toxicities that arise in the treatment area due to tissue injury may have a direct impact on ability to eat [1, 6] . Strategies for surveillance and treatment of nutritional impairment in patients with SCCHN are heterogeneous, and no " gold standard " is established. Knowledge of optimal nutritional strategies is incomplete and the relationship between predictive factors and weight loss is not fully known.
Radiotherapy (RT), alone or combined with surgery and/or anticancer drugs, is the mainstay for treatment of SCCHN [6, 9] . Conventionally fractionated RT consists of daily absorbed doses of 1. 8 -2.0 Gy delivered fi ve days a week up to a total dose of 68 -70 Gy. Due to theories on rapid tumor cell proliferation, interest has been on shortening the overall treatment time, i.e. to deliver a higher absorbed dose per day (split in two fractions) resulting in a shorter overall treatment time. The ARTSCAN study, a controlled randomized Swedish multicenter study, was conducted with the aim to compare conventional fractionation (CF) versus accelerated fractionation (AF) and the effects of the treatment on outcome, overall survival and quality of life. Two-year results from the study failed to show signifi cant differences between the two treatment schedules regarding loco-regional control, causespecifi c survival and overall survival [10] . In the present study, data from the ARTSCAN study were used to investigate weight loss and related impact factors in patients undergoing CF or AF. The main objectives of the present study were to analyze weight loss over time with focus on the two RT schedules, and to explore other clinical factors for weight loss during and after RT.
Material and methods

Patients
Between November 1998 and June 2006, 750 patients with M0 SCCHN of the oral cavity, oropharynx, hypopharynx or larynx (except glottic T1-2, N0) were randomized to receive either CF (2.0 Gy/ day, total 68 Gy during seven weeks) or AF (1.1 Gy ϩ 2.0 Gy/day, total 68 Gy during 4.5 weeks) as a single modality treatment or as preoperative RT. Previous malignant disease in the head and neck region, age under 18, inability to understand the information about treatment, expected noncompliance and chemotherapy closer than three months before randomization excluded patients from participating in the study. Seventeen patients were not eligible for evaluation and hence data for 733 patients were available in the ARTSCAN study. The study was approved by the Ethics Committee of each participating center and written consent for participation was received from all participants. Altogether 12 treatment centers participated in the study, making it nationwide. The quality assurance program for the ARTSCAN study is described elsewhere [11] . For more information about the RT techniques and dose fractionation schedules used see Zackrisson et al. [10] .
Data collection
Clinical assessments were performed every week of RT, at 4 -6 weeks after the termination of RT, at fi ve months, and thereafter every three months up to two years after the termination of RT. After that time point, patients were scheduled for follow-up every six months up to fi ve years.
Nutritional data . The pre-treatment weight and weight at fi ve months after the termination of RT, here named the acute phase, were used to calculate relative percentage weight loss. Patients with weight data registrations at the start of RT, week 3 of RT, 4 -6 weeks after the termination of RT and fi ve and 11 months after the termination of RT were used to illustrate weight change over time.
Height was not recorded in the ARTSCAN database and therefore, retrospective data from the medical records were collected for 361 patients. Body mass index (BMI, weight in kilograms divided by height in meters squared), was calculated and the cut-off values for BMI from The European Society for Clinical Nutrition and Metabolism (ESPEN) guidelines for nutritional screening were used in the analysis [4] . The patients were divided into three groups based on their BMI; underweight (BMI Ͻ 20), normal weight and overweight or obese (BMI Ͼ 25). For patients over 70 years of age BMI Ͻ 22 was considered underweight and a BMI between 22 and 27 was considered normal [12] .
Local guidelines for nutritional surveillance and treatment were present at the 12 participating centers. These guidelines stated that the patient should receive nutritional support when needed after the physicians ' and dieticians ' evaluation and patient approval. There were three grades of nutritional support administered during the study, i.e. oral intake (with or without dietary counseling and/or oral nutritional support), tube feeding (TF, nasogastric feeding tube or percutaneous endogastric gastrostomy) and parenteral nutrition. Only the presence of TF and parenteral nutrition were registered in the study database. The guidelines for TF use were based either on a wait-and-see procedure or prophylactic placed feeding tube, and indications for TF were not individually registered.
Clinical data . The presence of swallowing problems and use of opioid analgesics at the start and the end of RT and the presence of mucositis at the end of RT were analyzed in relation to weight loss. In the study protocol, the clinical data were scored based on the LENT-SOMA scale [13] using grades one to four, and in the analysis data were dichotomized with grades three or four defi ning presence of the complication. Data on performance status using the Karnofsky Performance Status Scale (KPS) [14] were also dichotomized ( Ͻ 80 and Ն 80). Patients with a KPS Ն 80 were able to carry out normal activity and to work with no special care needed.
Statistical analyses
For the statistical analyses, the data software Statistical Package for the Social Sciences (SPSS) version 19.0 was used. The independent samples t-test and one-way between-groups ANOVA were used for continuous data and the Fisher ' s exact test was used as the nonparametric alternative. Multiple linear regression analysis was used to analyze variables signifi cant in univariate analysis. Paired samples t-test and repeated measures ANOVA were used to analyze change of mean weight over time. All tests were two-sided and a p-value less than 0.05 was considered signifi cant.
Results
Eligibility and patient characteristics
Weight data at the start of RT were available for 712 patients (97.1%). Of these patients, weight was available for 432 patients (60.7%) at fi ve months after the termination of RT, while it was not available in 280 patients due to death (n ϭ 85), residual/recurrent disease or loss of follow-up (n ϭ 57), or missing weight data registrations (n ϭ 138).
The majority of the patients in the studied cohort (n ϭ 712) were men (74.4%) and the median age was 62 years (range 26 -91 years). The most common tumor site was oropharyngeal cancer (48.7%) and the majority of the patients had stage III or IV disease (82.7%). Moreover, 261 of 712 patients (36.7 %) were treated with surgery (resection of primary tumor, neck dissection or both) after RT as part of their tumor treatment. The patients were evenly distributed to receive either AF (49.9%) or CF (50.1%).
Development of acute treatment toxicities
The development of treatment toxicities at the start and the end of RT were analyzed according to the two fractionation schedules (n ϭ 712). No signifi cant difference was seen between the two fractionation schedules for the characteristics (swallowing problems and opioid analgesics) studied at the start of RT. However, signifi cantly more patients treated with AF were reported to have swallowing problems (AF 56.9%, CF 43.1%, missing n ϭ 38), mucositis (AF 54.2%, CF 45.8%, missing n ϭ 51) and used opioid analgesics (AF 58.6%, CF 41.4%, missing n ϭ 39) more frequently at the end of RT (p Ͻ 0.001, 0.001 and 0.001, respectively).
Characteristics for tube feeding administration during RT
Administration of TF at the start and end of RT was analyzed together with patient-, tumor-and treatment data (n ϭ 712) (Table I) . At the start of RT, 76 (10.7%) patients (missing n ϭ 5) received TF and the corresponding number at the end of RT was 335 patients (47.1%) (missing n ϭ 43). At the start of RT older patients ( Ն 65 years), patients with tumor of the hypopharynx or oral cavity, patients with stage IV disease, patients with a low BMI or KPS ( Ͻ 80), patients with swallowing problems or patients treated with opioid analgesics received TF more frequently. At the end of RT patients treated with AF received TF more frequently than patients treated with CF (p Ͻ 0.001). Other characteristics for receiving TF at the end of RT were: tumor of the hypopharynx or oral cavity, a low BMI at the start of RT or swallowing problems, mucositis or treatment with opioid analgesics at the end of RT.
Characteristics for weight loss during the acute phase
Weight loss during the acute phase was analyzed in relation to patient-, tumor-, treatment and nutritional treatment characteristics (n ϭ 432) (Table II) . There was a signifi cant decrease in mean weight with 9.4 kg ( Ϯ 7.9) during the acute phase (p Ͻ 0.001) which corresponded to a weight loss of 11.3% ( Ϯ 8.6%) . No difference in weight change was seen in patients treated with AF and CF (p ϭ 0.839). Weight loss during the acute phase could signifi cantly be explained by the following characteristics: age Ͻ 65 years, oropharyngeal tumor, a high BMI at the start of RT, a high KPS ( Ն 80) at the start of RT, absence of swallowing problems at the start of RT, lack of TF at the start of RT and presence of mucositis at the end of RT.
A multiple linear regression analysis was used to make a model of the signifi cant variables from the univariate analysis to predict weight loss during the acute phase (n ϭ 230). Weight loss during the acute phase was used as the dependent variable (numerical). Seven independent variables were used in the model: age grouped as Ͻ 65 and Ն 65 years, tumor site (oropharynx, oral cavity, larynx or hypopharynx), BMI at the start of RT grouped as underweight, normal weight or overweight/obese, Karnofsky at the start of RT grouped as Ͻ 80 or Ն 80, presence of TF at the start of RT (yes/no), swallowing problems at the start of RT (yes/no) and mucositis at the end of RT (yes/no). The coeffi cient of correlation R 2 for the model including all seven independent variables was 27.8% (p Ͻ 0.001). Three variables were signifi cantly predictive for weight loss during the acute phase: tumor site, BMI and TF. Patients with tumor of the oropharynx had a signifi cantly larger weight loss during the acute phase compared with patients having tumors of the larynx (B ϭ 3.626, p ϭ 0.008) or oral cavity (B ϭ 3.787, p ϭ 0.018). No signifi cant difference was seen between patients with tumors of the oropharynx or hypopharynx (B ϭ 1.658, p ϭ 0.316). Furthermore, patients with overweight or obesity according to the BMI classifi cation demonstrated signifi cantly greater weight loss than patients with normal weight (B ϭ 4.220, p Ͻ 0.001) or underweight (B ϭ 10.058, p Ͻ 0.001). Moreover, patients without TF at the start of RT had a signifi cantly greater weight lost compared with patients receiving TF (B ϭ 6.427, p ϭ 0.006).
Weight change over time
A total of 175 patients had weight data registrations at fi ve time points from the start of RT up to 11 months after the termination of RT. An analysis of weight change over time was performed for these patients ( Figure I ). The fi gure shows a rapid weight loss during RT, which continues after RT with a nadir of weight loss at fi ve months after the termination of RT. When analyzing the same subgroup of patients, mean weight (kg) changed signifi cantly over time (p Ͻ 0.001). There was a signifi cant decrease in mean weight (kg) between each of the different time points, except for mean weight change between fi ve and 11 months after the termination of RT (p ϭ 0.415).
Discussion
This study comprises a secondary study based on nutritional data with 712 patients with head and neck cancer. The main result of the present study was that no signifi cant difference in weight loss during the acute phase could be observed between the two RT fractionation schedules. Explanatory factors for the weight loss seen during that time period were tumor location, BMI and TF. A rapid weight loss over evident, as only 10.7% of the patients received TF at the start of RT. The prevalence of tube feeding (TF) use in SCCHN shows a wide range (4 -60%) depending on at which time point the patient receives the nutritional support as the routines for placement of feeding tube varies between different treatment centers internationally [18] . The present study showed that patients with TF placed at the start of RT showed less weight loss during the acute phase, and due to the wait-and-see attitude patients with poor general condition got TF more frequently. Additionally, patients treated with AF received TF more frequently at the end of RT compared with patients treated with CF. The pattern of use of TF may therefore offer an explanation as to why a difference in weight loss between the two treatment schedules could not be demonstrated, although patients treated with AF experienced more acute treatment toxicity at the end of RT compared to patients treated with CF.
Use of TF at the start of RT in the present study was dependent on factors such as age, tumor site and clinical stage, BMI, KPS, swallowing problems and use of opioid analgesics. At the end of RT, tumor location was still a characteristic for use of TF along with fractionation type, BMI, swallowing problems, mucositis and use of opioid analgesics. Weight loss prior to treatment, tumor site and stage, RT dose, a combinational treatment approach, amongst others, time was seen during and after treatment, with a nadir at fi ve months after the termination of RT.
The result from the present study showed that tumor of the oropharynx was a strong predictive factor for weight loss during the acute phase which also has been described in earlier studies [8, 15] . Patients with tumors of the oral cavity and oropharynx have in general impaired swallowing function prior to treatment [8] . A high BMI at the start of RT was another characteristic important for weight loss during the acute phase. Previous studies show confl icting results when considering pretreatment BMI as a predictor for weight loss and use of nutritional support during RT [16, 17] . The reason why patients with a low BMI in the present study experienced less weight loss can be due to that these patients received TF more frequently. This could have been the result of an attitude, both by the health care professionals and the patients that patients with a higher BMI might be in a better nutritional balance than patients with a lower BMI. As evident, weight loss in SCCHN is a multifactorial problem and therefore, more studies are warranted to further identify characteristics for weight loss in SCCHN in a longer perspective after the termination of RT.
No attempt was made in the ARTSCAN trial to use the same guidelines for TF at every participating center. Instead a wait-and-see attitude for TF was have earlier been stated in the literature as factors that increase the use of TF [7, 16, 18] . Furthermore, it is important to consider complications related to percutaneous endoscopic gastrostomy insertion with the most common severe complication being wound infection [19] . Recent awareness has also arisen about whether the presence of a feeding tube makes the patient less willing to eat leading to swallowing muscle atrophy [20] . Still, many authors have highlighted the benefi ts of TF use in SCCHN [21, 22] as well as the benefi ts with prophylactic placed feeding tubes [7, 23, 24] . A comprehensive review from 2011 discusses the issue more indepth and concludes that it seems to be both advantages and disadvantages regarding prophylactic placed feeding tubes in SCCHN and that the overall picture is not fully known [18] . Due to the lack of conclusive answers, The American Society for Parenteral and Enteral Nutrition states in their cancer guidelines that " nutrition support therapy should not be used routinely in patients undergoing head and neck irradiation, " and that nutritional support " is appropriate in patients who are already malnourished and who are anticipated to be unable to ingest and/or absorb adequate nutrition for a prolonged period of time " [25] . In other words, without clear evidence an individual evaluation of the need of nutritional support must be present, and more studies are needed to understand when and to whom TF should best be administered and the longitudinal benefi ts with TF.
The longitudinal pattern of weight loss found in this study confi rms earlier fi ndings within this area [17] . The patients in the present study had a rapid decrease in weight during the acute phase with a percentage weight loss of 11.3%. When illustrating weight change over time, the nadir of weight loss occurred at the fi ve month follow-up after the termination of RT. More time points than presented in the current study are needed to examine the true value of the nadir of weight loss in SCCHN. Nonetheless, the result of the present study underline the fact that these patients continue to lose weight after the termination of RT which calls for the importance of a prolonged follow-up in this patient group with focus on eating diffi culties.
The ARTSCAN study was primarily not designed with the focus on investigating nutritional data, which is important to consider when interpreting the results. The results of our study present a risk of being biased due to missing weight registrations at follow-up, probably due to inadequate routines in clinical practice. Moreover, as no " gold standard " for nutritional support in this patient group is established, it was left to each participating center to give nutritional support following local guidelines, i.e. no standardized nutritional treatment was given. This limitation of the present study makes it diffi cult to give clear answers to how the use of nutritional support might have affected weight loss and different impact factors for weight loss. Since few patients received TF at the start of RT, it was not possible to include signifi cant interaction effects between TF and the other variables in the multivariate model. Moreover, due to death, residual/recurrent disease, loss of follow-up or missing weight data registrations, the number of patients was reduced at follow-up which limited the amount of data available for the multivariate analysis. The low explanation rate by the multiple linear regression analysis leaves a number of questions unanswered regarding predictive factors for weight loss in SCCHN. In summary, weight loss in patients with SCCHN during the acute phase could be explained, in part, by tumor location, BMI and TF which underlines that there are still questions left to answer in this multifactorial problem. No signifi cant difference in weight loss during the acute phase was seen between the two fractionation schedules despite that treatment toxicities were more prevalent in patients receiving AF. The patients in the present study lost 11.3% during the acute phase, with a nadir at the assessment fi ve months after the termination of RT. This calls for a frequent and prolonged follow-up for patients with SCCHN with focus on remaining treatment toxicities and nutritional impairments after the termination of RT.
